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By 
T AKIURA TAKAYUKI (lI~jm*=z) 1 
(Tohoku University) 
The time course of temporal summation in the visual system between two subliminal flashes of 
different size and duration was investigated by the analogous method of "increment threshold 
technique:" threshold for the smaller (0.86°), briefer (I msec) test flash (TF) superimposed upon the 
larger (1.72°), longer (variable from 50 to 25Omsec) "conditioning" flash (CF) at various SOA was 
measured. Two graduate students including the author himself served as subjects. 
With shorter «ca. 150msec) CFs, the temporal summation and inhibition (Ikeda, 1965) were 
clearly observable in the threshold curves, suggesting that at least a diphasic response was evoked by 
the TF and CF. When CFs were longer Oca. 150msec) in duration, however, the magnitude of both 
summation and inhibition were decreased and a threshold rise occurred in the middle of the temporal 
spread of the CF, which might mean the existence of some "delayed - action" inhibitory effect with 
relatively rapid decay. 
Key words: temporal summation, inhibition, increment threshold, subliminal stimulation, two-
pulse threshold experiments. 
INTRODUCTION 
In the preceeding paper (Takiura, 1992), we confinned that the shape of increment 
threshold curves changed not only with the intensity, but with the duration of the conditioning 
flash (CF). With longer CFs, the functions had transient overshoots at about the onset and 
the offset of the CF: on supraliminal CF intensity level, the on-overshoots were larger than the 
off-overshoots, whereas on liminal CF level the order of the size of these overshoots was 
reversed. But with shorter CFs, the off-transients were disappeared or decreased on 
supraliminal CF level, and heterogeneous undulations emerged in the threshold curves on 
liminal intensity level of the CF: these undulations were understood as the signs of temporal 
summation and inhibition between CF and the test flash (TF). 
The concern of this paper is to investigate how the increment threshold function changes 
when a CF of variable duration is on the completely subliminal intensity level. 
Battersby and Schuckman ( 1970 ) have already carried out an experiment in a similar 
stimulus condition, but they used two flashes of the same diameter (0.50 ) and presented them 
to 6.5 0 temporal retinal region, and the duration of the CF was 100msec at its maximum. In 
the present experiment two flashes of different size (0.860 and 1.720 in diameter, respectively) 
were adopted. Subjects saw them in foveal vision, and the longest CF used was 250msec2. 
1. Department of Psychology, Faculty of Arts and Letters, Tohoku University, Kawauchi, Aoba-ku, 
Sendai 980, Japan. 
2. Herrick & Theisen (1972) also used two flashes of different duration, which was 10msec at the most, 
and therefore, their experiment cannot be comparable with mine. 
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METIIOD 
Details of the apparatus, stimuli, and procedure have been described in the preceding 
paper (Takiura, 1992). In brief, the flash train from a glow modulator tube increased slightly 
in frequency from 700Hz during a preset period, which formed the CF. The CF was a 
circular spot subtended 1.72° in diameter, and the TF was also a circular patch of half 
diameter, which was optically superimposed concentrically upon the CF and presented foveally 
in Maxwellian view. The exposure durations of the CF were 50, 70, 90, 150, 200, and 
250msec, and that of the TF was I msec. The background field, which was spatially 
coextensive with the CF, was 31.4td, and the CF rose from this base line level. 
Two graduate students of Tohoku University (IT, TM) served as subjects. 
was the author himself. Thresholds were taken by the method of adjustment. 
Subject IT 
Threshold 
measurement for each duration condition were assigned to one experimental session, and it was 
repeated several times per one duration condition. The SOA (stimulus onset asynchrony) 
were randomly selected and each session included several measures of TF threshold in the 
absence of the CF (the resting threshold). 
RESULTS 
Increment threshold curves obtained from each subject for CFs of six different durations 
are plotted in Figure la and lb, respectively. The abscissae indicate the time elapsed between 
the onset of the CF and that of the TF in terms of SOA (in msec). The ordinates show the 
relative threshold values of the TF, but the graphs except the 250 msec CF condition are 
shifted upward by 0.3 log units in the order from longer to shorter CF conditions to avoid hard 
overlapping of a curve from the others. The relative TF threshold value was determined by 
subtracting the resting threshold value from the absolute TF threshold value. 
The data of Fig.1a and 1b shows that when the subliminal CF is 90msec or shorter, the 
signs of temporal summation and inhibition which have been shown by psychophysical method 
by Ikeda ( 1965) and Rashbass ( 1970 ) can be recognized in the threshold functions. 
Temporal summation occurs during CF exposure and the peaks of the magnitude of inhibition 
appear at about 20msec before and after the CF presentation (for subject TM, however, the 
presence of inhibition is not quite distinctly). But with CFs of longer durations, the curves 
tend to rise in the middle of temporal " summational" domain, reaching its minimum at 
immediately after the onset and at just before the offset of the CFs. And moreover, the 
magnitude of summation as well as inhibition seems to decrease according as the exposure 
duration of the CF increases, but they do not disappear completely even in 200 or 250 msec 
condition. This seems to contradict the results obtained by Battersby and Schuckman (1970), 
but the experimental conditions of the present study are different from theirs, especially in the 
point of CF durations. 
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Fig. 1. Increment threshold curves from two subjects. Left (a) for subject TM. and right 
(b) for TT. respectively. Curves for six different CF durations used. as noted in 
the figure. The ordinate indicates the relative TF threshold values. but the graphs 
except the 250msec CF condition are shifted upwad by 0.3 log units in the order 
from longer to shorter CF conditions. The abscissa shows SOA. See text. 
DISCUSSION 
In the greater part of "two-pulse threshold experiments" (Boynton, 1972) so far, 
subliminal double flash of considerably brief duration (usually 10msec or less) has been used 
and a diphasic temporal impulse response function has been derived. The present study 
investigated the time course of temporal summation in the visual system using a brief 'test' 
flash and relatively long 'conditioning' flashes, and obtained the results suggesting that such 
flashes also evoked at least diphasic impulse responses when their luminance level were 
subliminal. The summative effect spreaded over the CF exposure time, which means that the 
visual response reflecting information about stimulus duration was evoked. When the CF were 
over 90msec, however, the degree of summation decreases, suggesting the existence of the 
"delayed -action" inhibitory effect which decreases the degree of the excitation of the visual 
system to the longer stimulus. And such inhibitory effect may gradually collapse with time 
since summation occured again just before the offset of the CF. But this effect might be 
characteristic of the stimulus condition used in this experiment. It may be necessary for closer 
investigation of the form of the temporal impulse response function to do another experiment 
using two flashes of the same duration, size and intensity. 
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